, was isolated from the head of Camponotus japonicas Mayr, which was collected from Northeast Agriculture University (Harbin, Heilongjiang, China) . Chemotaxonomic properties of this strain were consistent with those of members of the genus Nocardia. The cell wall contained meso-diaminopimelic acid and wholecell sugars were galactose, glucose and arabinose. The predominant menaquinone was . The phospholipid profile consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and phosphatidylinositol mannoside. The major fatty acids were identified as C 18 : 0 10-methyl, C 16 : 0 , C 18 : 1 v9c and C 16 : 1 v7c. Mycolic acids were found to be present. 16S rRNA gene sequence analysis also showed that strain 1H-HV4
T was a member of the genus Nocardia, with the highest sequence similarities to Nocardia salmonicida JCM 4826 T (97.39 %), Nocardia soli JCM 11441 T (97.12 %) and Nocardia cummidelens JCM 11439 T (97.08 %). 16S rRNA gene sequence similarities to type strains of other members of the genus Nocardia were less than 97 %. However, DNA-DNA relatedness values and phenotypic data demonstrated that strain1H-HV4 T was clearly distinguished from all closely related species of the genus Nocardia. It is concluded that the isolate can be classified as representing a novel species of the genus Nocardia, for which the name Nocardia camponoti is proposed. The type strain is 1H-HV4
The genus Nocardia belongs to the family Nocardiaceae, a member of the suborder Corynebacterineae (Stackebrandt et al., 1997) . Members of the genus form an extensively branched mycelium, which fragments into bacillus-or coccoid-like elements. The genus is characterized chemotaxonomically by the presence of meso-diaminopimelic acid, mycolic acid and arabinose and galactose in the cell wall (type IV), diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and phosphatidylinositol mannosides as diagnostic phospholipids (type PII), as the major menaquinone, and straightchain and unsaturated fatty acids and tuberculostearic acid as the predominant fatty acids (Goodfellow & Maldonado, 2012) . During a study of the diversity of symbiotic actinomycetes in ants, strain 1H-HV4 T was isolated from the head of Camponotus japonicus Mayr. In this taxonomic study using a polyphasic approach, strain 1H-HV4
T is analysed and proposed as a representative of a novel species of the genus Nocardia.
Strain 1H-HV4
T was isolated from the head of C. japonicas Mayr collected from Northeast Agriculture University (Harbin, Heilongjiang, China). C. japonicas Mayr individuals were caught under a pine tree adjacent to their formicary. Five individuals were surface-disinfected in 70 % ethanol for 1 min and then washed three times in sterile distilled water. Surface-disinfected individual ants were divided into head, mesosoma and gaster, and each body part was separately put in 500 ml sterile water with shaking on a rotary shaker at 180 r.p.m. at 28 8C for 30 min. Subsequently, a 200 ml sample of the suspension of heads was spread on a plate of humic acid-vitamin agar (HV) (Hayakawa & Nonomura, 1987) (Shirling & Gottlieb, 1966) and maintained as hyphal fragments in glycerol suspensions (20 %, v/v) at 280 8C. The type strains of Nocardia salmonicida, Nocardia soli and Nocardia cummidelens were purchased from the Japan Collection of Microorganisms (JCM) and cultured under the same conditions for comparative analysis.
Morphological characteristics were observed by light (ECLIPSE E200; Nikon) and scanning electron microscopy (S-3400N; Hitachi) using cultures grown on ISP 3 agar at 28 8C for 4 weeks. Spore motility was assessed by light microscopic (ECLIPSE E200; Nikon) observation of cells suspended in phosphate buffer (pH 7.0, 1 mM). Cultural characteristics were determined after incubation for 2 weeks at 28 8C on tryptone-yeast extract agar (ISP 1), yeast extract-malt extract agar (ISP 2), ISP 3, inorganic salt-starch agar (ISP 4), glycerol-asparagine agar (ISP 5), peptone-yeast extract iron agar (ISP 6) and tyrosine agar (ISP 7) (Shirling & Gottlieb, 1966) . Colour determination was done with colour chips from the ISCC-NBS colour charts standard samples no. 2106 (Kelly, 1964) . Growth at different temperatures (0, 4, 10, 15, 20, 28, 30, 35 and 40 8C) was determined on ISP 3 medium after incubation for 2 weeks. Growth at pH 4.0-11.0 (in intervals of 1.0 pH unit) using the buffer system described by Xie et al. (2012) , and at different NaCl concentrations (0, 1, 2, 3, 4 and 5 %, w/v) were tested in ISP 2 broth at 28 8C for 2 weeks on a rotary shaker. Production of catalase and urease were tested as described by Smibert & Krieg (1994) . The utilization of sole carbon and nitrogen sources (0.5 %, w/v), decomposition of cellulose, hydrolysis of starch and aesculin, reduction of nitrate, peptonization of milk, liquefaction of gelatin and production of H 2 S were examined as described previously (Gordon et al., 1974; Yokota et al., 1993) .
Morphological observation of 4-week-old cultures of strain 1H-HV4
T grown on ISP 3 medium revealed that the strain has the typical characteristics of the members of the genus Goodfellow & Maldonado, 2012) . Extensive branches of substrate mycelium fragmented into rod-or cocci-shaped elements (Fig. S1 , available in the online Supplementary Material). Good growth was observed on all tested media. The colour of the aerial mycelium was in the white colour-series, and that of the substrate mycelium varied from yellowish-white to light yellowishbrown. A moderate reddish-brown soluble pigment was produced on ISP 7 medium (Fig. S2) . The cultural characteristics and significant colour variations of aerial and substrate mycelium on different media are listed in Table 1 T grew at a temperature range of 15-30 8C (optimum temperature 28 8C), pH 5-10 (optimum pH 6-8) and NaCl concentrations of 0-2 %. Peptonization of milk and hydrolysis of Tween 80 were positive, while production of H 2 S and hydrolysis of starch were negative, which could also differentiate strain 1H-HV4
T from closely related strains. Other physiological and biochemical characteristics of strain 1H-HV4
T compared with N. salmonicida JCM 4826 T , N. soli JCM 11441 T and N. cummidelens JCM 11439
T are listed in Table 1 .
Biomass for chemotaxonomic studies was prepared by growing the strain in ISP 2 broth for 7 days in shake flasks (250 r.p.m.) at 28 8C, after which cells were harvested by centrifugation, washed twice with distilled water, recentrifuged and freeze-dried. The isomers of diaminopimelic acid in the cell wall were derivatized according to McKerrow et al. (2000) and analysed by a HPLC method using an Agilent TC-C18 Column (25064.6 mm i.d. 5 mm). The whole-cell sugars were analysed according to the procedures developed by Lechevalier & Lechevalier (1980) . The N-acyl group of muramic acid in peptidoglycan was determined by the method of Uchida et al. (1999) . Phospholipids in cells were extracted and identified by the method of Minnikin et al. (1984) . Menaquinones were extracted from freeze-dried biomass, purified according to Collins (1985) and analysed by a HPLC-UV method (Wu et al., 1989) . Mycolic acids were extracted and analysed according to the protocol of Minnikin et al. (1980) with N. salmonicida JCM 4826 T used as the reference strain. To determine cellular fatty acid compositions, strain 1H-HV4 T was cultivated in ISP 2 for 7 days in shake flasks at 28 8C. Fatty acid methyl esters were extracted from the biomass as described by Gao et al. (2014) and analysed by GC-MS using the method of Xiang et al. (2011) .
Chemotaxonomic analyses revealed that strain 1H-HV4 T exhibits characteristics which are typical of members of the genus Nocardia. It contained meso-diaminopimelic acid as the cell-wall diamino acid and whole-cell sugars included galactose, glucose and arabinose (Type IV; Lechevalier & Lechevalier, 1970) . The N-acyl type of muramic acid was determined to be glycolyl. The phospholipid profile consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and phosphatidylinositol mannoside (phospholipid type II; Lechevalier & Lechevalier, 1970) (Fig. S3) . The menaquinones detected were ) (79.2 %) and MK-8(H 4 ) (20.8 %). The major cellular fatty acids were C 18 : 0 10-methyl (21.8 %), C 16 : 0 (18.8 %), C 18 : 1 v9c (15.9 %) and C 16 : 1 v7c (13.4 %); minor amounts of C 18 : 0 (9.4 %), C 20 : 1 v9c (3.9 %), C 17 : 1 v7c (3.6 %), C 17 : 0 (3.5 %), C 19 : 1 v9c (3.2 %) C 15 : 0 (2.4 %), C 19 : 0 10-methyl (1.7 %), C 17 : 0 10-methyl (1.4 %) and C 14 : 0 (1.1 %) were also present. Mycolic acids were found to be present; the spot of strain 1H-HV4 T ran to the same Rf value as that of reference strain N. salmonicida JCM 4826
T with mycolic acids, and the profile was distinct from that of Actinocorallia lasiicapitis 3H-GS17
T which lacks mycolic acids (Fig. S4) .
Extraction of chromosomal DNA and PCR amplification of the 16S rRNA gene sequence was carried out using a standard procedure (Kim et al., 2000) . The PCR product was purified and cloned into the vector pMD19-T (Takara) and sequenced using an Applied Biosystems DNA sequencer (model 3730XL). An almost full-length 16S rRNA gene sequence of strain 1H-HV4 T (1511 bp) was obtained and aligned with multiple sequences obtained from the GenBank/EMBL/DDBJ databases using CLUSTAL X 1.83 software. Phylogenetic trees were reconstructed with neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) algorithms using MEGA software version 6.06 (Tamura et al., 2013) . The stability of the topology of the phylogenetic trees was assessed using the bootstrap method with 1000 repetitions (Felsenstein, 1985) . A distance matrix was generated using Kimura's two-parameter model (Kimura, 1980) . All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). 16S rRNA gene sequence similarities between strains were calculated on the basis of pairwise alignment using the EzTaxon-e server (Kim et al., 2012) . The G+C content of the genomic DNA was determined using the thermal denaturation (T m ) method (Mandel & Marmur, 1968) with Escherichia coli JM109 DNA used as the control. DNA-DNA relatedness tests between isolate 1H-HV4 T and N. salmonicida JCM 4826 T , N. soli JCM 11441 T and N. cummidelens JCM 11439
T were carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huss et al. (1983) , using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltierthermostatted 666 multicell changer and a temperature controller with in-situ temperature probe (Varian). The concentration and purity of DNA samples were determined by measuring the optical density at 260, 280 and 230 nm. The DNA samples used for hybridization were diluted to OD 260 around 1.0 using 0.16SSC (saline sodium citrate buffer), then sheared using a JY92-II ultrasonic cell disruptor (ultrasonic time 3 s, interval time 4 s, 90 times). The DNA renaturation rates were determined in 26SSC at 70 8C. The experiments were performed with three replicates and the DNA-DNA relatedness value was expressed as the mean of the three values.
Identification using the EzTaxon-e server revealed that strain 1H-HV4
T belonged to the genus Nocardia. T and N. cummidelens JCM 11439 T within the genus Nocardia in the neighbour-joining tree (Fig. 1) . The tree topology in this region is supported by the maximum-likelihood method (Fig. S5) . DNA-DNA hybridization was employed to further clarify the relatedness between strain 1H-HV4 46.0¡1.1 %, respectively, which are well below the 70 % cut-off point recommended for assigning bacterial strains to the same genomic species (Wayne et al., 1987) . The G+C content of the genomic DNA of strain 1H-HV4 T was 68.7¡0.5 mol%.
In conclusion, it is evident from the genotypic and phenotypic data that strain 1H-HV4
T represents a novel species of the genus Nocardia, for which the name Nocardia camponoti sp. nov. is proposed. Gram-staining positive, aerobic and acid-alcohol-fast actinomycete that forms extensively branched substrate mycelia, which fragment into rod-or cocci-shaped elements. The aerial mass colour is in the white colourseries. A moderate reddish-brown soluble pigment is produced on ISP 7 medium. Growth occurs at 15-30 uC, pH 5-10 and in the presence of 0-2 % (w/v) NaCl. The optimal temperature and pH for growth are 28 uC and pH 6-8, respectively. Positive for production of urease, peptonization of milk, and hydrolysis of aesculin and The type strain is 1H-HV4 T (5DSM 100526 T 5CGMCC 4.7278 T ), isolated from the head of Camponotus japonicas Mayr, which was collected from Northeast Agriculture University (Harbin, Heilongjiang, China). The DNA G+C content of the type strain is 68.7 mol%.
